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Abstract Introduction: Sprints combined with changes in direction and repeated lunges are the most frequent movements 
during a squash game. These motions overload the iliopsoas muscle which may cause a lot of microinjuries. Accumulating 
microinjuries combined with a lack of stretching exercises may lead to iliopsoas contracture.
Aim of the study: Assessment of the frequency and degree of iliopsoas contracture in regular squash players.
Material and methods: The experimental group comprised 25 regular squash players (minimum 2 years of playing at least twice 
a week) and 21 non-players (control group). A modified Thomas Test was used to assess iliopsoas contracture using goniometric 
and linear measurements. 
Results: Iliopsoas contracture was observed in 96% of the squash players and 66.7% of the non-players (p = 0.0089). 
The degree of muscle contracture in the goniometric measurement was greater in squash players than in the non-players in 
both the left (p = 0.0303) and right (p = 0.0007) iliopsoas muscles. There were no statistically significant differences in the linear 
measurement.
Conclusions: There is a positive relationship between regularly playing squash and the frequency of iliopsoas contracture 
occurrence being significantly greater in squash players than in non-players.
Key words squash, iliopsoas, contracture, modified Thomas test
Introduction
Squash is a racquet sport played by two players on a court surrounded by walls on four sides, using a hollow 
rubber ball. The ball is hit by the players alternately using a racquet. The ball can bounce once on the floor and any 
number of times from the court walls. The main strategy of a squash player is to force the opponent to move around 
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the entire area to be played. If this strategy is successfully implemented, the opponent travels a greater distance 
and subjects the body to a greater load (Vuckovic, Dezman, Erculj, Kovacic, Pers, 2011).
According to C. Eubank and N. Messenger (2000), squash players perform an average of 2,866 steps per 
match (580 steps per set). 74.4% of them contain a flight phase. This indicates that the game is very dynamic. 
Performing such intensive work can result in increased muscle stiffness and can lead to contracture. However, this 
is not a physiological adaptation, because adequate flexibility is an innate property of the tissues of the myofascial 
system, determining the normal range of motion and thus the functioning of the joints and the entire limb (Thacker, 
Gilchrist, Stroup, Kimsey, 2004).
Commonly performed movements in squash are the lunge and sprint. Repeated executions burden the 
iliopsoas muscle. Repetitive eccentric work changes the movement pattern and increases muscle stiffness. 
According to E.P. Roetert, T.S. Ellenbecker and S.W. Brown (2020), these are early adaptations that appear in 
regular players before the onset of clinical symptoms. 
Imbalance between the iliopsoas and glutei muscles can contribute to an increase in the load on the front 
of the hip. In this way, the anterior glide of the femoral head increases, due to reduced exploitation of the gluteal 
muscles during hip extension and the iliopsoas muscle during flexion. It is likely that the increase in forces acting on 
the front of the hip is caused by an increase in the frontal slip. This subtle instability, together with placing the hip in 
an upright position, can cause serious injuries such as detachment of the labrum. Based on the above information 
it is assumed that an appropriate distribution of forces on the hip joint can ensure coordination and elasticity of the 
iliopsoas and gluteus maximus, thanks to which the right strength for the hip movements and the correct position 
of the joint can be obtained (Lewis, Sahrmann, Moran, 2007; Shindle, Ranawat, Kelly, 2006; Carlos, Guanche, 
Robby, Sikka, 2005).
A squash player is subjected to a variety loads during a match. Game strategy demands specific body 
positions to make it easier to cope with this task. The hip, knee and ankle joints during a lunge (fundamental position 
in squash) are in a flexion position (Gyoung-Mo, Sung-Min, 2015) (Figure 1). The aim of this study was to assess the 
incidence and degree of iliopsoas muscle contracture in regular squash players.
Figure 1. Lunge – main position for receiving the ball in the squash
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Material and methods
The study consisted of 54 men, recruited personally by the authors and through social media, comprising 32 
squash players and 22 non-players. At the outset, an original questionnaire was completed by each participant that 
contained questions about age, weight and height, the frequency of squash trainings, and the possible presence 
of specific exclusion criteria. The criteria for joining the study group was at least 2 years of practicing squash and 
a frequency of at least 2 trainings a week. The exclusion criteria were:
1. For the study group:
 – squash playing period <2 years,
 – number of trainings ≤2 per week,
 – iliopsoas muscle/hip region injuries in the past,
 – age <18 or >40 years.
2. For the control group:
 – practicing squash,
 – doing sports requiring intensive usage of the iliopsoas muscle,
 – iliopsoas muscle/hip region injury in the past,
 – age <18 or >40 years old.
Ultimately, the study group consisted of 25 squash players, and 21 non-players in the control group. In the 
study group the average age was 28.8 years, average body height was 179.8 cm and average body weight was 
77.9 kg. In the control group the average age was 25.1 years, average body height was 177.2 cm and average body 
weight was 76.5 kg (Table 1).
Table 1. Descriptive statistics of somatic parameters in both study groups
Parameter
Squash group (n = 25)
p
Control group (n = 21)
mean SD Min Max mean SD Min Max
Body weight (kg) 77.80 7.56 66 92 0.5723 76.5 9.20 59 100
Body height (cm) 179.80 4.85 168 190 0.0674 177.2 4.48 170 185
Age (yrs) 28.84 6.32 19 40 0.0796 25.1 4.90 20 36
The functional measurement comprised a modified Thomas test (Figures 2 and 3) in a supine position on 
a table, and in the case of a positive result, a goniometric and linear measurement of the degree of iliopsoas muscle 
contracture (Wakefield, Halls, Difilippo, Cottrell, 2015; Whiting, Zernicke, 2008). The test consisted of lifting the 
knee to the chest until the lumbar lordosis was compensated. The test result was considered positive when the 
thigh of resting leg was lifted above the table surface. In this case, the angular measurement between the thigh 
axis and the table plane was taken assuming the greater trochanter as the axis of the rotation (Figure 2) and the 
measurement of the distance between the thigh and the table plane at the level of the lateral epicondyle of the femur 
(Figure 3). 
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Figure 2. Modified Thomas test: goniometric measurement
Figure 3. Modified Thomas test: tape measurement
Statistical data analysis of the obtained results was carried out using STATISTICA v.12.0 software (StatSoft 
Inc.). Compatibility of variable distribution with a normal distribution was tested using the Shapiro-Wilk test. 
To compare the means of the independent variables, Student’s t-test and Mann-Whitney U tests were used, and to 
assess differences in the occurrence of contracture in both study groups a Chi Square test was used. The results 
were considered significant at p < 0.05.
Results
In the study group, iliopsoas muscle contracture was observed in 24 of the 25 squash players (in 20 of them 
bilaterally). In the control group contracture was noticed in 14 of the 21 men (bilaterally in 10 of them). After analysis 
using the Chi Square test, a statistically significant relationship was stated between playing squash and the 
occurrence of iliopsoas muscle contracture (p = 0.0089) (Table 2).
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Table 2. Distribution of the frequency of contracture in the study and control groups







Chi Square test = 6.84; p = 0.0089
Table 3 presents a comparison of the degrees of iliopsoas muscle contracture in both groups. Analysis 
by Student’s t-test (Left [deg] and Right [cm] measurement) and Mann-Whitney U test (Right [deg] and Left [cm] 
measurement) showed a statistical significance for differences between angular measurements (p = 0.0303 for the 
left lower limb, 0.0007 for the right lower limb).
Table 3. Comparison of the degree of iliopsoas muscle contracture for lower limbs in both study groups in the goniometric (deg) 
and linear (cm) tests
Limb
Study group (n = 24)
p
Control group (n = 14)
‾x SD Me Max ‾x SD Me Max
Left (deg) 11.45 6.21 13.00 20 0.0303 (t) 7.07 4.94 7.50 15
Left (cm) 3.52 2.98 4.50 9 0.9881 (U) 3.68 3.47 3.25 12
Right (deg) 11.08 5.61 10.00 20 0.0007 (U) 5.29 3.87 5.50 14
Right (cm) 4.18 3.25 4.75 12 0.1933 (t) 2.86 2.44 2.50 7
‾x – mean, SD – standard deviation, Me – median, t – t-Student test, U – Mann-Whitney test, p – level of significance.
Discussion
This research is pioneering as no publication available to date have addressed the topic of iliopsoas muscle 
contracture in squash players. While publications related to other racquet sports exist, such as in tennis and 
badminton, they can be considered an important element of this discussion due to the lack of published research on 
squash (Young et al., 2014; Kovacs, 2006; Girard et al., 2007; Ellenbecker et al., 2007).
The incidence of iliopsoas muscle contracture was investigated in both study groups and a statistically 
significant (p = 0.0089) difference found between the 96.3% of the squash players and 66.7% of the non-
players with this condition. These results differed from those obtained by S.W. Young et al. (2014) who examined 
125 professional tennis players using the Thomas test and found contracture of the iliopsoas muscle in 51% of the 
players. In addition, the positive result of the hip flexor test was significantly correlated with abdominal muscle 
overload in female players (Young et al., 2014). Results of the study conducted by W.B. Kibler and T.J. Chandler 
(2003) showed that the myofascial system in women is more flexible than in men. Thus, iliopsoas muscle contracture 
may be more common in male squash players than in tennis players. The techniques of squash require the lunge, 
while in tennis this is almost absent. The eccentric work generated during the lunge is a significant burden on the 
lower limb, especially for the iliopsoas muscle. Thus, contracture may occur more often in squash players. Another 
difference between these sports is the different dynamics of the game of squash (Kovacs, 2006; Girard et al., 2007).
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The occurrence of iliopsoas muscle contracture in squash players as well as in other sports (tennis, handball, 
volleyball, golf, swimming, gymnastics, dancing, judo, weightlifting, and even motocross) may be related to the 
theory of microtrauma summation. This mechanism may lead to the appearance of musculoskeletal disorders: 
trauma from overload (e.g. fatigue fracture) or chronic soft tissue rheumatism (e.g. tennis elbow, iliac-lumbar muscle 
tendonitis). Micro-injuries arising in muscles as a result of repetitive eccentric work can lead to muscle contracture 
and consequently, to an increase in the incidence of serious injuries (Roetert et al., 2020; Ho, Lee, Chang, Chen, 
Huang, 2020; Kajetanek et al., 2016; Russel, Wiese-Bjornstal, 2015; Doyscher, Kraus, Finke, Scheibel, 2014; Váczi, 
Rácz, Hortobágyi, Tihanyi, 2013).
On the basis of the results of this study, a significant reduction in iliopsoas muscle function was observed in the 
form of contracture occurring in regular squash players. It can therefore be assumed that functional changes should 
also be observed at the structural level. This conclusion is not confirmed by the results obtained by G. Nketiah et al. 
(2015) who assessed the condition of the iliopsoas muscle in squash players using magnetic resonance imaging. 
The results showed that there are no significant structural differences between squash players and the control 
group. This is probably due to the lack of exact criteria for inclusion in the study group (e.g. a minimum of 2 years 
of squash, at least 2 times a week) or the small sample of 10 patients. Confirmation of the presence of structural 
changes requires further research.
In this study, goniometric and linear measurements were used to assess the degree of iliopsoas muscle 
contracture in both sides. This course of research was intended to check for possible convergence of these 
types of measurements. Statistical analysis showed a significant difference between the degree of contracture in 
the goniometric measurement in both the left (p = 0.0303) and right lower limbs between the test group and the 
control group (p = 0.0007). In turn, statistical analysis of linear measurements did not show significant differences 
in contracture between the groups. This discrepancy in the results may be caused by the methodology of the 
goniometric and linear measurements. The goniometer has a larger span scale, so the relative approximation 
error during measurement may be smaller with a higher measurement compliance factor. Another factor that can 
affect the measurement results is how the test was designed. Goniometric measurement was performed first. It 
is therefore possible that the iliopsoas muscle during the goniometric measurement was stretched, which could 
increase the range of hip joint motion affecting the result of the linear measurement (Young et al., 2014).
Our study has certain limitations that may significantly affect the results. The modified Thomas test has 
many variables that can distort the result or completely prevent a performance, such as: motion of the lumbar 
spine, forward or backward tilt of the pelvis, the ability to bend the hip and knee joint, waist circumference, thigh 
circumference. The factor that most often disturbs the test result is the mobility of the lumbar-pelvic complex. Pelvic 
inclination can make up for the lack of hip extension and thus compensate for flexion contracture. Thus, the modified 
Thomas test (MTT) used to investigate iliopsoas muscle contracture may not give reliable results (Vigotsky et al., 
2016). Despite the fact that MTT is widely used in orthopedic and physiotherapeutic practice, it shows little credibility 
if the movement of the lumbar-pelvic complex is not controlled. Proper pelvic stabilization is therefore a key factor for 
MTT reliability, and this largely depends on the experience of the examiner. The universality of using MTT in clinical 
practice has been justified in previous studies showing a high consistency between the researchers, between 95% 
and 97.6%. The above information allows us to assume that a correctly performed MTT is a reliable for assessing 
iliopsoas muscle contracture (Ferber, Kendall, McElroy, 2010). 
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Another limitation is the relatively small size of both study groups. For a larger number of subjects, it would be 
possible to use more accurate parametric tests in place of the non-parametric Mann-Whitney U test. There is also 
the chance that a larger number of groups would result in a greater similarity and thus a greater reliability in the 
results (Jones, Carley, Harrison, 2003).
The study showed a significantly higher incidence and degree of iliopsoas muscle contracture in squash 
players compared to the non-players. Therefore, it is worth paying attention to the prevention of this unfavorable 
compensation in the context of reducing the risk of sport injuries (Jones, Carley, Harrison, 2003). Creating 
appropriate prevention programs may contribute to minimizing this risk and protect squash players from injuries 
(Ellenbecker et al., 2007).
Conclusions
1. Contraction of the iliopsoas muscle occurs significantly more frequently in men regularly practicing squash 
than in non-players.
2. The degree of iliopsoas muscle contracture in men regularly practicing squash is significantly higher than 
in the non-players, indicating a lack of targeted stretching exercises to alleviate this condition.
3. Further research is needed on the specific impact of squash on the musculoskeletal system, taking into 
account more factors and using specialized measuring equipment. 
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